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Tn iPFKT or ZnTIAI dvuctiov
01 THE STHCSS r;I5TRIBUTI0l II A PAUL
or SHIP'S PUTIIC D1L.IR TUBILS LOU)
Artfaw J. teak^ll, Il«ut«iMiat
JvbImt Gi«4«, U. • Mry
MmbmrX I. WurlitMr, Li«iit«BMit
Junior Qam/tm^ 0« 8. Mavy
Suteittad to th« D«p*rtB«Bt of NsTml ArchitMtur* and FarlM SBfl»-
Mrinf OB 25 >«ky 1953 la parUal fuinilBsat of th« r«)ulrMmit«
for th« J«fr«« of Mrul tmgirm»T,
Th« obj«ct of this vozir was to ooaaMoeo an iovostifallon whooo
oltlaato alB wvuld bo to qvaatltatlvoly raXato tho MaxlBiai atroos la
a ship** poaol vador ualfoni toaolon to tho aaount rf dofloctloa
initially proaont in that ponal, Tho roaulta of wvch aa inroatifation
igr prorido inforaatl )B rolatod to ahip failuro and aaj further pro-
vide platlnf Joflocti >n criteria for ahipboildora.
llM BOthod of toatinc wa aa foIloMai
1. Ab18*x6*x 1/8* aUffoaod panol, roproaootatiYO of
ahip*a platinf, waa coaatructod and waldod to pallim aaaibora
adaptod to fit a 3CC,C0C pouad tonalla taatiag Baohiaa. Ona of
tho tvo panala toatod waa plana, tho othor had doflaction
ra«l>i1j afsal in BafBitudo to tho plato thickaooa.
2« SIU^ rootanifnlar roootto atrain gafoa vara utiliaod
to obtain tho atrain pattom on both aidoa of tha plato.
3. TT.o Maploo vara ttaon toatod, atrain laadlBfa taXan
at loada fr«B 20,000 to HC^CCO pooDda at 2C,C00 pOTBd incro-
Bonta*
C/'leulationa vara porforrod to (AflBlB tho pattom of
principal atraina axiating on tha platoa. Tha taat roaulta vara than
odlfiad to rapraaant a condition >f unifam atrain alonf tho odgo.
Tho roaulta ahovod that tha pointa of naxiBiB 'iafloctlon of tho
diatortad plata aupportod rmrj littlo of tho load, whila rnj hifk
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Btr^BB— BTdBtrnd WBrnr th« itliTtiMrs. Tt la did not appear to ba th«
bblbb for th« plana panal. It waa eonaldarad that th« rvaulta ot tha
iMB taata con<Juct«J diJ not ylald avfflciant inforaatlon to quaatl-
tatlTalj ralato atraaa diatrlbution and inltijil daflactlon.
BsMHianciatlona for futura work included tha follovlc^ au4:;faatlonai
1. ConatructloB &Bd t^aiing of aora aarplaa of yaryiof
MMVDta of dafl actios amd aspect ratio.
2. Invcatigation of XhB posalbilitj of aodifylng th«
d«aign of th« puUiof —bara to obtala a morm unifoiv loaid
aooditloD at tha adf**
3* latogretion of atraaa currea at adf* and eanter of plat«
to Tariff taat data.
i. Irantualljr praparatios of plata of wmxlMvm dafla«tioa
to plata thialcnaaa ratio vrBva ratio of aHw atrwaa to
uaifom atraaa aloof plata adfa.
Thaaia .'^iparriaort Joha Hanray Ei«na
Titlai Aaaoaiata Frofaaaor ot Ma^l ArehitMtura
. i/"-:t 1.^1 .
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Xb AMordAMo with %Im rof«irMoa%a for tte T^octm of Mcral
iBCiMor, vo oaWl% horovltli • Ihooio ontlUod, *T)m Iffoot of
lallUl Doflootioa on tho Strooo Dlilritetloa U o P«m1 of Ship*t
Flollac a»4or Toaollo Lo«A*.
loopoetfollj jrosrt.
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. « -^ ,K X«js::i^
XC.^ . . X Xaa«^ vet titoJtlfiXcr^XaC) •^tfMoH tc k^Xm*^ XltZ
><:(^^ ^ Xmm^ 'xol Maif^Ii^oXttO etf^wnQH lo t^XfiseU IIXVX
I IlTKOIXJOTIQi
Tbm •icnifioAat nuab«r of fallar«a of Borohaat and bstaI roaaol
•Irvoturoa is rooont ^oara hftra lad to Muqr iiiTaatl^tlona Into tba
oauaaa of thaaa falloraa. Ob p«^ 10 of rafaranoa (1) It v«a con-
elodad that, "Tha fraotaraa im waldad ahlpa vara caaoad tgr notohaa
and Igr ataal which waa notch aaaaltlTa at oparatlac taaparatoraa.
Whan aa adraraa ooablaatloa of thaaa oeeara tha ahlp aaj ha unabla
to raalat tha bandlac aaaanta of aeraal tarrloa*. lotohaa, whooa
praaaaoa la ooaaidarad naeaaaary to ialtlata fallara aay ha oaoaad la
aararal vaja. Hotohaa raoultlnc froa fahrloatloa or Inadrartantlj hoilt
Into tha daai^a (aa at hatoh comara) hara baan prarloaalj oonaidarad,
Ii4|h atraaa ooncaatratloaa la a looalitad araa of ahlp* a platiaf aaj
oaooa a looal fractura which aaj fom tha notoh naodad to ialtlata
fallora.
thaof7 Adraaoad to tha authoro h7 Frefaaaor J. H. Brana, of
Maoaaohaaatta laatltuta of TaohBoloc7 ralataa tha rarlatian la atraaa
••••strati oa to tha aaooat of Initial hol^a la tha paaal batwaan
otiffanara of a aactioa of ahlp platlac* Suppeaa, t9T azaapla. Initial
bulfo axlita la a aaotloa of a tranirraraalj fraaad ahlp' a hall. Xa
addltloa lot oa aaaoaa that tha aaotloa la in tana ion (ao a aactlon of
tha bottoa ahall would ba with tha ahlp aacffiac)* T^« ••otioa of tha
plating oontalnin^i tha bttljra will ba unabla to aoanaa ita apportlonad
•hara of tha load ontil tha daflaetioa la raaorad. Tha aaotloa of tha
platisc adjaoant to tha loncitadlaal aaabara will tharafora raealra and
alntaia a dlaproportlonatalj hl^ part of tha loAd. It la eoaealrabla
that tha hl^ itraaaaa daralopad oould cAuaa oraeklac, and aubaaqaant
I t
m.
«aw ;ri CI> •ui:s>s»le'x !• OX t^q ; esttdi tr d
ij-SMa J.J Jx '>iievL:.i- ixi to ,u r.-orrd^a .. AoroH .-7'," .j-tv^?'
• b»i»i/i8aoo ^Xsiiojcretq am*^ •'wbiI (artaa'i©» ito^M i/J are) «;:;-<> • .i
tMuvpMtfifa bMM ,aal3(o«To e«»«o bistort . •ec«0t#« 4ftfx{ wici^ imii
fall«r«, la this rmgiom b«for* th« dlttortvd •etioa b«ci^ to o*ri7
!% portion of tbm load.
S«T«r«l liiT»«tl|^tloB« hmrm included obtcnratiena vhich tend to
tabatantiat« thm tor9£Oin£ id«at. Th» authors* raaaareh hat not
dltelotod »igr work whioh ralatat initial daforaation to ttratt
diitribotion. Tha Adaimlty Ship Waldli« ft—lttaa raportt of thm
full loala tatta on tba larariiA. ya»aiinMa. Ooaan Yuloaa . and Clan
Alpiaa ara rmrAmwmA \j Tumbull in rafaranea (?.), fha findings of
Intaratt to this raport ara vail tii—wriiad in Ti^nara I,(raproducad
froa rafaranea 2). Tha atraiaaa in tha vaj of tha lon^tudinal
•tiffanara of tha valdad ahlp for bath hoicrlM <ui<i ta^r^inK ara aueh
rraatar than tha atraaiaa elaar of that atiffanin^. Mota that thia
ia not aa trua for tha oaaa of tha rlTatad ship. Tha raport atataai
'Tha un/aimaaa of toa bottoa platin^c batvaan fraaaa elaar of tha
longitudinal atiffanin^ in tha valdad SflMA-ZlIlIB ^'^* ^^ xanaral
about double that of tha rirotad aiatar ahip*. Thna tha diffaranea
in atraaa froa tha oantar of tha panal to tha atiffanara voald ba
axpactad to ba laaa in tha riTatad ahip than In tha eaaa of tha valdad
ahlp.
Thaaa ebaarrationa indioata that it ia probablj tma that initial
distortion haa an mttmot on atraaa eonoantration. That thia affaot
la /{Taat aaou^ to initiate ahlp failure haa not been detemined. Tha
idea DotiTatin^ tha authora vaa to conamnea an inTaati/tation vhoae
ttltiaate aia vonld be to quantitatirelj relate the aaxiaua atraaa in a
ahip' a plate under unifoni tenaion to the aaount of bulfa initiallj
prea^nt in that plate. It ia felt that the reaulta of thia inrsaticatlon
iH:
.'<iiii>X *iti^ \q lie
V .o ::: -i^^ia s^iBsit iissv^ocf ^^xi^Iq !«oJ;r<>d oaj io a««a-ji/
-:T»
• at BBBtSa nii .(i,* »*aX«^ xS.»rU&iUiimjp Qi Brf AXxiOb kX*. «*mx.t fj?
yrXsXit.fft




DlBtrl^utlon of longitudinal streesaB for bottoa
hell plating near aaiidshlpB for merchant Teasels.
((/) M<i(>GINO ib) Salginu
theorctical ncutoal axis
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qr proTld* InforBAtlon r«lat«d %o ship failart aad / furthar
prerld* plating d«fl9etloa erltvrla for thipballdora.

II PBOCMWO
?ri fftiio gr Tf It »rtu
d«tlcn and eonttmotlon of \h» ta«pl«t to^thar vlth \h»
fl«l«otioa of th« t«ttlnc aaonla* war* tb* first problsaa fac«d. It
VAS oonald«r«d daiirabl* to t«t% • tajiplt r«pr«««atAtiT« of thlp't
• tiff«a*4 platLn^. Tta* d«»l^ of th« tost toctioa vac fOTomod ^j
••Toral praatioal coatidoratioaa. Tha thlanoot plato that It was
ooaol(!iara4 practical to wold )gr tha conrontioaal eontlBaoaa procoai
wai 1/8 laeh thick. Tho loa^itadiaal ttlffoaora voro toleotod to pro-
Tida adoqoata atlff&aas with tha aiaiaua crosa-aoctioaal araa. Tha width
of tha aaapla, 24 laohaa, waa than dataraiaad hj tha 300,000 pound
eapacitj of tha toaalla toatia^ aachino arailahlo. Tha fraotara load
of tha nachina waa llaitad to 336,000 pounda. Thla oorraapoada to an
aroraco atraaa of 60,000 p.a.l. for tha aaapla aa daoicnad. Loaci^^iAal
atlffaaara vara than flaead 18 iaohaa apart. Tha diataaca batvaaa traaa-
Taraa atlffannra vaa aat at 6 inchaa to ^Ito aa aapaot ratio of .1x1
inaida tha atlffaaara, ooaaidarad to ha a rapraaaatatlTo raloa.
Tha apaelaaa ronatruetad for taatla^ la illuatratad in Fli^irao
II and III. It oonaiata of tha taat paaal to vhioh ara valdad tha
pulllac aaabara. Tha 13* z 24" taat paaal la oosatruetad of I/6 iaeh
adion tanaila ataal, aiaiaua tanalla atrancth 60,000 p.a.l., aaziaua
carbon ooataat 0.3li, 7adaral Spaolf ieation M.48-S-S, Orada N. Tha
tranoTaraa an^na ara 1^' x 3^' z 3/16" and tha intarooatal loBcitodlaal
ai^laa ara 1-3/8* z 7/8" z 3/16*. Tha an«la aaterial la Ttodoral
^glK>ai.iy';4^ li.
9xiJ u3t\( %tL$9Zfi3 aeXqiwi •&* lo n'>tioirt!tBaott bam RSii»ti> mCT
Mw ^1 ^Aa# t^Blq tmBoatsit iflq X«teT*9
^i>Xv adf ,AttM imnol o-io fpuKa i rtis) 9d^ iidlw li^a »^«xip«JiM •i>iT
fcosfotr OCX^OOf. •!< Tsf *siti'irts*oi) is«ii#
.
ailaal :*kS ,€Xarm*a sii to
h.:<: -: , . ..•;,;:..: ,:' ,. siie«eJ tr*.:? 1o "^t-ro^cjco
"msunt fi«i»wj;sc soasJsljb ativ ,ii&q» tadsjai 8X x»eo»X-:: ' v' ' -lev ot«fl»lt1i;ri
lis Tto ol^^jat io^qtM jm •!§ o* tftflofl:! d i« *«« ««# •Tf^ttttli^a •fiirr
a^# ^eJbXev e«i« lioiji^w o«» iaaa^ H^i 9iii la a^aieaoo (fX .III bi» SI
dr^fri ft\f *fT bi»*'3/;t*cnoo ai XeaftQ- (fta* •^S r "^X fi/f:" .isiPcTirrcBt !«itlIItnT
F ,,.-. .r.q 00^' «u; t-iiaasff JUfoxdia .xosffa eizaas* HOiiJDaB
»n*f .M atftftti) ,a- c^e X«r£»i)^1 .^XJSl.O ^iiatfnoa flotfujio
iMtlbju^iSiaoX iadaoo^»tff^ \S z '•^ x »4Jt »"'t« as,^* sffrpTRrs-rr*
V.' -;'"
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Tost Section and Pulling Moxberi

Specifleatloa M-46-S.1, OnuU N, T^« A, ho%-roll«d carbon itMl,
ialaoa %«nall« ttrvn^h 60,000 p.t.i*
ill Ptiiia Qf l>w PiJIInf HMittn
A4ftp%li« th« *p«eiMB to b« fltl«d into tha Java of Iha tattlnc
achlna and at tha taao tUM proTidia^E a co&dltloa approaohla^ unlfora
taatioB aloac ^^ laac^b of tha taat laotioa yfT* tha controllljac
faetort la tha datlca of tha pallla«; aaabart. Tha dailgn of thooa
onltt Inclodad tha followlae faatorast
2.a.l A 34 Inch lone, 2 Uieh thick ataal plata It valdad to tha
•paelaaa. Thif ralatlralj thick plata vao aalactad to halp trantfom
tha aooantlallj point load of tha aachlaa to a unlfom tanalla load at
tha aaapla.
2.3.8 1/4 Ineh gk»99% plataa wrm flttad to aoilot In obUlnlnc
tha anlfora tanalon daolraA.
S.l.S Tba 6i* z a" dlMooloaa at tha polllac Mabar )M«A ffara
adaqoata crooa-oactloaail araa ta traaaait laada vp ta 300,000 pouaA
Halt of tha aachlna. This araa was raduoad aa tha Tort leal aaabar
approachad tha taapla. Thlt tafalj raducad tha val^ht of tha pulllnc
aaabar* , alnca tha loft araa «aa toppllad bj tha c^ttat plates.
2.3.4 TtM polllnc aaabara yrmn conttructad of tha taaa aatarlal
aa tha l/8 Inch plata.
atg JoiftiM Till ^fltUa iUBd hilUif xiBJaii
Tha datlcn proTldad for a valdad Joint batvaan taat taction and
ptdlla^ aanbart. Tha eonnactlon vaa aada to that tha neutral azlt of
8
molixw ;»ai:£i8AOi9qFS JU>i^Ub«o» « i«mTr(q mi1# tsM mI# tM bam •lOffaMi
•tarii 'to s%k»mb tit •••xatfM* :^lXX0q mdi %% a^B^o ww ai iiotfoal
•di 0$ b9bl»v al **Alq l0»i9 Hoidt danl S ,aaoX doat S A X.S.S
noUeunr^ ql9d ci b^t9^lB^ mv ejraXq :iatdt xlorttsln aiat ,amloBqti
i» bMol •Xl«x(*# anoMav e •# tmidBmi mLi 1© ika«X #Aieq[ \£X«iiix»te» td^
••Xfpuia mC^
icialfe^tfo al taltwM o# 1>»*#11 tYot# ••imlq Un^tt^ apsi *\X t.fi.S
.btniBBb a»i9ami orcoliiur tdi
•xsoaewc lMi;!^'z&v actf m AmkAm m» am* tldf .MliiM« Mi* Ic tiaiX
Witlljfq Bdi Jo idi^lByt MLi hmoabmr xX«laa aldf .sX^iftt ©rft brndtmotmrn
XiilieJAa MM« ed^ U bBi9tni9n9% avav rxatfaaa i«iXX«(T aiff *.S.S
•ataXq i(«al 8\X Bd» mm
tnt^mli lltriiif Fiaa ao^taat
^^^ lUffM fliK
tea mli9— «aa« aaafw^atf #aiot i>«fcX«w a xe\ bBbtrmir asklaab mtST
^ «|T« Xartaaa ad^ /«tf# oa afeM a4M oei^Moaoa ewii .aiacaaa laiXX^q
H
tha poll lac •%«r col&eldad with thm n«atral axla 9t %h» plat*-
ttiff«n«r eoablBfttlon. Thii i«i doa* to •llalnat* b«ndlnc * Hnoh
at vat pottibla.
2.4 fabrioatioa
Tka •MutructioB of th« •aaplot vac andartaksa \j tha Shlpfittar
llHp of tho BottoB Faral Ship/mrd, Boston, Mattachu««ttt. Tho fabrl-
eattoa nrocvii uied for ooaatnMtloa of tha ondlatortod taaplo vat at
follovt. Tha taapla vat do/tsad down and tha vald dapotltad around tha
latida af tho ttiffonart atla^ a blook and baokcatap taqnanoo. Tha
MM prooatt vat rapaatad arooad tha aattlda of tha ttlffonart. It
vat orlirlnallj daoldad to attaapt to introdaoa dlttortioa into tha
•aaplat bjr Tarxinc tha valdi&c taqoanea. It vat foaad that tha oa-
tapporttd laa^h batvaan trantToraa atiffanart vat not graat aoouch to
allov diatortion of tha dapth datirad. It vat flaallj dacidad to haa%
a aa^pla vith an oxjr-aoatjlana torch. l|r haatlnc <uid air cooliac tha
aantar aaetion of tha tpaelaan it vat potaiblo to introduoa tha daairad
aunt of diatortion ia tha platiac* I^ i« attiaatad that tha aaapla
did not axeaad a taaparatura af 1700 f durinc ^^ praoaaa, to that it
it oontidarad that tha aatallurcioal atruetara of tha ataal did aot
ohaaca froa ita proTioua oondition*
atfi CaatQir IhiMBrlaf Ptrlnt
In ordar to aaaaur* tha diatortion of tha afuaplaa a contour aaa-
taring dariea vat conatruotod. (Saa Fi^ra IT). It oonaiatt of four
bratt la^a vhoao rartloal haicht aaj ba adjuttad bf aaaaa of thrandad
f r
f)
•rf# .v.-uw-.* nv^i-ic^^^a i>itwr Bits' UiEs javoi i>A-^9si e*w vX^iseuK fa<i7
.aveXXel
'cui BAi tmdi IwBol BM *i .aMWiVM lOlAXwr «$^ ^alxt^ ttf aiPifln^B
^•-.ii cw
.











W«« pl«e»t. On th« oxllndrical tupportt ^etwaen tha la^t rldat a
herlcontal earri«c* vhoa« poaltion oan b« rariad aloac ^^ lanctix
of thaaa atxpporia. Gb tha earrlAKa is a heldar for a dlal-jaca vhloh
eaa b« aoTad )>aok and forth on tha carria^. Tha aaaurlng proeata
ooaaiita of firat adjuatia^ tha plana of tha aaaauriac darlca parallal
to tha thaoratloal plana Inoludlnc tha four polata of Intaraactioa of
tha atlffanara on tha onatiffanad slda (haneaforth rafarrad to aa tha
rafaranea plana). Thla can ba dona as lon^ aa tha plana has not twiatad*
Tha aaevnt of distortion in tha panal batvaan stiffamara ia than
aaaurad. A contour aap can than ba praparad with tha data obtalnad.
Pi ft rnTTfirtlnn fff ftMl 1 lad httlpwit ttr Tttt
It was dacidad to usa a ralatiral/ plana saapla for tha firat tast.
Tha panal salaetad, haneaforth T9t»Tv6. to as Panal 1, was dataralaad to
>>• within ± 0.003 Inohas of tha rafaranea plana.
Tha strain ga^fas saladtad to aaasora tha plata strains wsra Baldwin
nU4 TjTDa AJUl. Thasa ara raetan^ular (46 ) roaattas, whoaa coaponant
faca lan^hs ara 13/16 ineh. Rosattaa wara salactad baoaosa it was
daalrad to datamiaa tha angla batwaan tha axis of principal strain and
tha axla of pull. Tha looation of tha resattas is dapiotad in jiguraa
T and TI. Tha iptc* locations on tha stiffanad side ara drawn aa if tha
panal wara transparant and an obaarrar wara looking torooch froa tha
unstiffanad slda. Tba fa^ laaationa wrm talaotad to attaapt to obtain
an orar-all pietura of tha strain distribution. Oa^s on tha ad^a wara
located to datamina if unifora tension along the edge waa obtained and
If ajmaatry about the center of the panel was realiiable. "articular
interest in tba nature of tha strains near ths stiffeners is reflected bj
11
M —bit t9«I 9dt «•»•* •Ti^qfM liortl)«iXT» •*• aO .••©•Iff ••W
••rif yil«»t«»« «W .ttnln^ao ©lit «o Ai'i^^ ^
LmLlii-u^ •ol'^*' ^Mim«»» •rl* ^o MwXq tilt »al#itfU« *ft" ^ airalaiioo
oeoj ax «-»9ii0lll#t fl»w^tf iMUki «« Hi ttnt*i.'>*sll> ^ #«rao» ©iff
.*»•* *a-Hl •iiJ lol »Xq««» «««Xq 'iX.yllaliw « ••« •$ h%htt>9b mw #X
.»aalg •axsft'SdtM «!# lo ••doal BOO.n 4; atri.llw ©rf
tasjieocoo »«ejlv .»»#*e««i (*») 'i»la»aM9*mt rs* •»•*? .X-«A tcC>* *-«•
ji 9i«jiB»9v3 i»*t»*XM •»¥ 8»**»tqfi *daal 8X\BX •« ait^MBX 9%m%
ttq to aU» tiW M«»««tf •X*«i siW •«l«t«#si> o* J)«ltw»
-^i" nt ij«;fr)ifT«»b •! »•##••<« mltf 1:« itol*«»«X •!!» .XX^q lo bIx* ^^
acU 11 sa iiw«i^» «« s^i* bma»Yili9 9d* no rnl-tnnnf «iumi adT .1? JbM
Y
•^•v •»!>• aa* 09 it-s*^ a»itflrfM*8lfc aUnf •di "^^ •'raSafr- r/«-^svo am
ham b^aUfdo tM •»»• •d$ ynX« aoXaa** onollflu 11 mmisf^^ oj j>»;;ao«X











































tb« looationa of CNE** 3, 7, 34, 23, 19, aad 18.
Th« i^aaitlon of obtalainf rapid, rollaMo, roadli^o on tbo •iraia
iBAieator unit (a Baldwin SIU4 ladloator Box, TTP* K) v*^* ^^ next pro*
blaa faood. T)m 27 roaottaa n«o«atitat«d 81 raadin^f. Tha onlj
•vltoblaff unit aralla^la aapabla of haadllnc that auabar of ga^o vaa
a rota>7-tvltoh anlt. Variable ooataot reilttaaoa was found to axiit
during prollainarx testing. Tba aa^itoda of thio rarlaolo raaiataaoa
introdaood arrora too larir* to ba tolaratad (la aoaa oaaaa raaiataaoa
ehan^a Maaanrad aaTaral hnndrad aloro-inobaa pmr Inch), i^ awltchln^
«mlt (rifKM TXI) waa conatructad oonaiatlaf af 41 doubla-throv, aiaul*-
pala, eoppar knifa awltohaa of 25 aapora rating, fhaaa awltcbaa
raproioead raadlafi wttbia 10 aioro-iaolMa par iaab durl^ prallaiaazy
taata.
«? Tt8l if fMil \
Tha aaohlaa upon wbicii thla taat and tba taot of Taaal 3 waa
condttotad waa a Southwark-laafy hjdraallo tjrpa taat lac aaohlna, oapaoitgr
100,000 po«adt, N. I. T. Sarlal 103. Tba control paaal for thio aaohina
ia thown ia Fi^i^ nil. Tba aaapla aaaBtad in tha ^aaiilBi ia pioturaA
in 7ifar« XX.
Tba followiac pf—tira waa aaplojrad for tha taat of Paaal 1.
3.7.1 Tba aaapla was o/olad bgr raiaiaic tha load to 6000 poonda
and rntaminc to taro load oatil oonaaontlra taro raadln^ wara f^
paatad.
2.7.3 Tha load waa rniaad to 30,000 poonda and too raadinfa on all
IS rooordad. This prooadara took about 35 ainntaa.
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.8X bam ,eX iS6 ,MC «V ,6 •«&«9 lo inol^joool •di
•OTq #Z«1I SCJ auav (A *- • , r -o: tij
^X«0 ^^ .<;:.i'i ft-r 18 bf^i&il «»Xrf
j^iXi-.v;/
.
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2.7.3 B«*dlu«a i««r« r«;,«at*<l at loacis of ^0,030, 60,000, IO»OQO,
100,000, 120,000, and U0,000 pounds.
2.7.4 The load vas alovlj iQcraatad until th« Mtmplm fractured.
The follovlog Tlaual obserratlonB were noted during thie teati
2«7.9 At 15$«000 pounds a.oad th« Maple begsn to creep noticefthlj
and it waa no longer possible to take a set of strain gage reedinga*
2 .7 .6 Aa the load increasod the ^oriaontal portion of the pulliag
moabera bovod notioeahlj, the middle aection of the pulliof asnber ex*
periencinc greater dofleotion than the ends.
2.7.7 The tranarerae atiffenera bovod ooaaidor«bl7 at 196,000 pounds.
The bowing was such that tiie edge of the stiffeoer voided to the plate vas
ooncaTo.
2.7.5 The voided odgea of the longitudinal stiff«ners ver-e alao bovod
coacaTeiy. Tne free eugea of t e plate bovod in the op oaite direction.
2.7.9 At 207,000 pounds the aaaple failed, the failure appia^ntly
atartlog at a notoh located on the free edge of the plate.
2.fl Pg—Motion and Test of Panel 2.
Panel 2 vaa a aeiaple distorted b} the heatlj^ prooooa prerioualj
4aMribod« figure X represonta a oobWiv Aap of the aeaple. Figtu^
21 id a transrerse section tl.rough t^ ^ center of Panel 2*
The strain ga<ie xoo«4i«Aa on .'&nei. ^ vtire c^tereo as « reault of
the aatporienoe gained in ooaduotiaf We first test. The gage oonfig*
uration is shovn in Fi^ux-es XII and Till. The iaportant c.an^^es erei
2*8*1 More gages vera pxacod on both siues oi trie teat . ection
to obtain a better dcture of the strain gradient.
2.8.2 Gagas vere placed on both siaes of one odfo of the aaiaple
to ^et a better picture of t^e eogo juoaaing.
2.3.3 ais iiUi^, Typo A-1 uniaxial gages ware placed on the longi*
tuilinal iitiffenera.
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IRANSVERff 5FCTI0N AA FoR PANEL 2
HOWIN* DUTORTJOH ^f PLATJN*.
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Ths proo«dur« idmitleallx foll«v«d th« nroo«dar« of par«s>m^ 2.7«
Tb« follovlni; ritual o\>t«rratioAt v«r« aad*!
9«t»4 The 0p«ei««& atartod to or«op at about 156,000 pounds.
2.t.8 T)m distortion of tba horltoatal portion of tba pulling
•bors and transTsrss stiffonars vas not as in***t as for Panal 1.
8.I.6 Fallura occurr«d at 309,000 pounds si one ^^ wald botwsaa
pulllnc aaabsr and plats.
2,9 Strsts^Straln Currs
k strsss-straln ourrs (7U:urs ZXT) for tba aatsrlal of ths plata
MM prsparsd utllltinc a standard tonsils spaolaan for l/8 Ineh stssl
plats, as found as Mcurs 2 oa pa^ 376 of rsfsrsnos (3).
Ths aothod of analjsia for both sa^ploa waa Idantloal. Ths
objsct of tho prossdura uasd was to obtain a atraaa pletura at ths cantor
sf tks aastlon with a onlfora tanalla load on tha sd^. Ths follovln^
stsps wsrs taksn:
a.10.1 Rosstts oaloulatlons for «M(nltuds and dlrsetloo of principal
strains wsrs obtainsd frsa tha taat data (aaa A.ppsndlz, Tablaa I and II).
(A strain of 9460 alcro-lnehos pmr Inch ahould ba addad to all raadlnss
prs—Asd \j "A"). Tha ssqusnes oaloulatlons ap^sar in Tablss III
throng XTI of tha Appaadlx. Hasults of ths oaloulatlons showing aa^ltuds
and dlraotlon of principal stralas ars ladudad as Tablss XVII sad ZTIII
of ths Appsadiz.
2.10.3 A plot of principal strains Tsrsus ttittlons mis thsa aads.
a3
.X f*tfe»*1 T<*> ^iB *iw^ •» i^oA •4M •^•fMil'i.e*'^ w»T«Tafwrr* bam aiMfvMi
.n-r-T.y.; .i OOOffOS #« Jm-n ' 3,8.S
Xea.'Ts fiQai 8\X vol «Mil»*<i« mllasBt hnMbB^^tn • %fU*llkiu bw%Aqfnq •«¥
lailaai^q lo ipsi^o^x^ bam «to#|flVHi «el »noi^JiX;;oI«a ait^^dsoK X.OX.S
•(IX ban I «*Xcf«T •xlAawfiA mm) «*«?? ta»* *d? ro7l imnJ^!^?«fo e-sev 8iX-t«Ttft
III aoXcfAf «i t«*qq» »sfoM«XDoXfia •eaMr^Mr tidf •(*A* i|rf tsbfi&tmtq
ibJi^lflM* aalvoira attol#Al//oX<» 9^;^ to ttXuaaJT .xlftff»<iRrA uri:^ tc ITX ^.-Pj'rii.^*
IxIYl iuta IlfX c»Xtf«¥ a« JbafMrXooi: at* B«l«rs*a i^qfioaxrq to aoiioo*xii5 uia
.x£l»it9fqA mLi to








































Thm nuB)>«r of a ttatlon ii d«fln«d as th» dlttane* In laoh«t from
%hm l«fl adi^ of %h» p«a«l vltlk Xhm flmog^n of th« traLXiaror**
•tlffonart pointing dovnvard «• 4b o^torror looks at and throne^ tha
uasilffanad sida. A onrra was than dravn aslac ^^ arithaatle aaaA
of stralB raadlBcs m opposita sldas of %hm puMl. flcuras IT and
XTI raprasaat txploal ourras for loads of 40,000 asA IJO,000 pounds
on Paaal 1. 7i^ras XTII and ITIII ara tha curras for th» saaa la«da
OB Paaal 8*
2. 10*3 Haxt the oress->ourTas (Tifuraa XIX - XXXII } for sarsB
stations CB •mck ^ata vara praparad. Tba points for a pairtleular
statloB vara o%talB»d \)j plotting aaaB strain at that atation Tarsus
tha load at vhloh that strain oocnrrad. Tte strains nsad vara tha
TBloaa road froa tlhs plota of paragraph 2.10.2. Tva ourras for aaoh
statioB varo than drawB} osa dapiotinc •^C* stralB Tarsns load, tha
otlMr oantar of plata strain raroas load. Thasa ourras vara fairad in to
alnlaita arrors aada in tha oonstrootion of tha oBrraa of paragraph 3.10.2*
2.10.4 It vas Bov posiibla to ooastruot tha strass and strain
pattam at tha cantar of tha plata for a uaifora tansila loadlnc on ths
ad^. Unifora strains of SOO, 1000. 1600, aad 9000 aicro-lnohas par
inch vara salactad. For aaah station tha corraspondinc oantar of plata
strain vas plottad a^iast statioa auabar. Tha raaultinf curra raprasantad
MBlar of plate strain for unifora strain at tha ad^. Tha strass
yattam was than plottad froa tha stress-strain ralationahip of 71c«ro
XIT. Tha unifora tension curves ara inoladad as Fibres XXXIII - XXXTI
for Paaal 1 and Ficuras XXXTI I . XL for Panel 2.
«K>i i s^.-. -j/Ji iii. '*ua."5**iJ) ttil^ 4iA Will rr/.j.'* ja a io lesEura WB(T
Mttf f<;-,0<rrH.f Nf* « t^o^T TfrtwflflTc tut s» ft^amrwoA auLffriocr yTg«»T5:ltt
.S XftOfl^ no
T
-ixo- 101 s#/i2oq Btdf ..b5—'»?r *t«?w **:Rlq done «o 3xioi;tA#a
.S.OX.C iiq«'zs<eT*q lo 3?oxq cuii gsoTl ^9^ MirXar
•# fli fiei.*.?/! s":#! ' g^T^i*) i»s«ffP .!&«oI «.wr©T -r^stjp »*filrr Tto teJapn Tadlto
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Strain vi^sws uoc^ioh r)R panel
at 40,000 pou^o loao.
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Cf^OfiS-CURVE AT ^TATION IE



















CROSS CURVE AT STATION








CROSS CURVE AT STATION











20 fOR PANEL I.
CEWTER or PUKTS.
COM OF PLATS




CROSS CURVr AT STATION







CROSS CURVE AT STATION
7 fOjR PANtL a,
|CENTER jjr WATI
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CROSS CURVE AT STATION








CROSS] CURVE Al STATION







CROSS CURVE AT STATION
14 i f|oR PAiSEL a.
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CROSS CURVE AT STATION
19 FOR PAhEL 2.
[
1
h., ,,. . .
. /cEHTEP OF PkATE
BE OF PLATE






ANEL I \flTH UNlFbRM JTRAUk Of
soo ritcAo iNcNffs nk inch in kD»E








ANCL I VilTH UHIIORM tXHAik OF
OOe MICKO -INCHED PCR INCM IH EDfrE
(24,000 en)
SHOWIN& mO-PANEL M/O- THICKNCH





ANSI I WITH OKirb^M STRMN OF
soo MKn>-mcHcs ptr inck irt ffo*c






























AMEL I *^ITM UNIF(>RN STRAIN OF
lOOO Mil RO- INCKC] PER IN H IN E06F
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SOO niCROrlNCMCS PEJR INCH IN rOM










•^ITH UNIFORM STRAIN Of
lo-iNCHes pen inch in EO(r£








>ANEL 2 tflTH UHIMRM STRAIH of
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kkNEL 2 WITH UNIFORM ITRAIM Of
toee HICRC - mCNCS n-R INCH IN »»f
t 57,oeo paj )




Tb« ratalti of thlt inT^atl^atioa ar« uaaaritad % the
uBlfora ttralB currsa, Fl^raa XXXIII - XXXTI for Paaal 1 and
nforas XXXTII . XL for Faaal 2.
Vhm cai-Toa dapletlni; thm lovor TaJuoi of unifora •train
(7iC«r«t XUIII and XXXIV) snow a fairlj onlfom itraln lit.
trlbatlon acroii* tna canter of thm paaal. This train It aboat
l.B tlaat thA iinifora atraln at tha ad^.
At 1500 Blcro^lnonat par Inch unlfora strain (ri^^ura XXZT)
tha strain dlttrlbatlon across tha paaal Is unlfora with th« az-
captloB of tha lariga strain at station 18. ?ha arara^ strain neross
tha cantar (axeludlnc tha raadla^ at station 18) it a^oat twiea tha
•4fi atrain.
k% 2000 aiero-lnchas par Inch (71«ura ZZXTI ) tha strain at
station 18 Is a^in hlfhar tnan tha strain at tha othar statlona.
Station 20 Is not plotted slnoa tha oross^coi^a did not clra a mltM
oorraapondln^ to this ad^ strain.
1,1 1—nits of Taat on Papal 2
At 500 BlorO'lnchas par Inch unlfom strain (Fifura XXXTII) tha
cantar saotlon shovs a fairly unlfom stmln pattam ahoat aqonl in
n^ltuda to tha ad^* ttraln.
Tha strain In tha oantar saotlon corraspondloc ta 1000 aloro-
Inchas par Inch oniforn ad^ca strain shows a daoldad rarlatlon fron n
iTiWir 'J'
bttm X Ie<M--i lol rmx - inXXX li- ...... ,^,;rvi^-o alsiiiB a^eii/-
.0^9 9tii t& alalia awr.
.
>«h1* 3.1
MeroA iiMt*« f«^.ntc.»/, «£T .81 acli^rin tf« airtiii og-xaX wi;f to noitqeo
#« ^f*»^3 cd^ (X?XXX iioal i»q •©ilnaX-oTniKi OOOS ?/
,Miarie a^fce 9 Suit o* r,«ijt)fl©qt»it©0
Mil {liyy?3. sTORll) elBi*s BKolxflif dDni UPTT •erioBi-ofOic! OOB *A
-^tolm OOCX oiJ qtwioo jfoJtJoes te^aeo eri* fli titanic Ml*
anlfora pattern (see figojrm XXXYIII). Th« highest ttrain ii o^
•rred oloteat to the stiffeneri vhere it reaches a ralma of fire
tiaes the ed^ strain.
figures xniX and XL (corresponding to 1500 and 2000 aior*-
Inches per inch strain resDectirelx) shov siailar strain patterns.
Tka strain is high near the longitudinal stiffener, goes ts a
iaijraa, rises at the center, hits another lev point, and rises ta
another high as it approaches tha other longitudinal stiffener. The
ralue of the aaxiaua strain point plotted, at station 19, is about
four tiaes the 1500 micro-inch p*T inch uniform Adge loading and fire
tiaes the 2000 aiora-inoh per inch unifora strain.
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-do ai al^iSs ifA^td wdT •(XI. aiwail ees) atei^flq anollxu/
•Til lo oxricxr a •adrukcrt it nnmAv at^a«J.l:.tip. t^/'f.+ n.-t .in«r-.i;a ftoTiat
-cioici OOOS ibc-B 0081 oi anif)ix«q«moo) JX fjoft IIXXJ tiittfjlT
#iio<ffi »1 ,yX ae.tte;rs ;Ji; ,i>siJoIr iuioq ai£. aijMBi edit lo bvXjbv
•Tilt Jbflc ;^t6AoI «;^e arao^icu/ doal x»q xloal-OTolo 0021 ©rJ;> Bmntf tttoJ
Cc
IT DISCUSSIOI 0? Rasin^TS
Thar* ftr* tvo points that thoald "b* a«ntloB«d befor* mnharkliic
•a a c*n*i^l difOUBtion of tha ttrala pa%t»x>D« dataralzMd oorroa-
poadiac to oalfera toatllo loadla^.
4.1 Sarfaea Strata aoaaidaratioaa
All of th« atrala earra drava raprataat RT9ra«o, or haart-af-
plato, TAlaai for th* panals oonoarnod. A stud/ of tha atraln
pattamt at datorainad oa the paaal •urfaoas thaatalret !• naottaarj
to tha ondarttaadlBtf of tha phanoaaaa which ocrurrad durlxac tha tatta.
•train ca^at an tha ado* of tha plata i^enarallj ihowad oorraa-
laea for both panals. Tha ttrala for both tldaa iacraaaad in
proportion to tha Incraaalnc load and tha fa^t la oorraapoadln^
potltiont IndlcKtad ttralnt clota tnoa^ la aa^ltada to Incilcata that
taatiea and not bandlnc vat tha prlnoifial eondltloa. In tna taaa fathloa
tha oanttr of plata ttrala on oppotlta tidat of Paaal 1 thowad food
oorr*apond«nca. Oa Paaal 1 ia«at 4 aad 22, 6 aaA tt« mnA • aaA 90
y/mrm la corrttpoxullac locationt on oppatlta tldaa of tha paaal. At
tha 130,000 poand load, for azanpla, tha ratio of tha orincipal ttralnt
at thota thraa looationt vaa 1.37:1, 1.17tl and 1.17tl mti «ctiTaljr.
Thlt ladicatioa of * prlaarlly ttnalla load It oTldant throachemt
tht tott of Paaal 1.
Rowarer Fanal r ahovt a Midt dlffAranca in itrain rtiadinca at
oorratpoadlac looationt on oppotlta tidat of tna paaal in tha eantar
lection. On Panal ?. c>€*> 10 and 39, 11 and 30, 12 aad 31, 13 and 32,
and 14 aaA 33 ytmrm locatad in corretpondin^ locationt on oppotlta tldaa
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•^Itflol dll'ifPit arrollfiif o* ^^Ibaoc^
claims «iW -i»a*q ed# to3: iwwfr.v ,«**jRX'r
-••ritoo i>«wtui8 x'. "^o *.er\h<i, t^tii no ««3!^9t nt^^tt^ Mff
ai •••^-^-tnaj. e'*'^^ - -col ewaitooq
^il roy ai «»a^ ba* i>AoI .jtu.terietoiii "^ isoiifToq'O'xq
OS i)fRA d Jbfu ,IP In* 9 «SS bmt > ••^•3, I Isais^ aC> ,»»xj:»j6ao<y©«TioD
j« . :—"•' "'<- -'- .,.i« •*l»tt.;.-. »iv 'ij.-^i*col ^tbtt,oq»9-xioo at iriwvr
aclaiiii Joqloait^r utij to otliw •df ,«XqE5J8xe "xo^ ,isAoX Ismioq 000,OSX tlS
.'iXsvji^odqBAY XsrX.X J^a» X:'?X.X iX:tS.X ««« sooi^KooX •iixriif •sorf^ iM
4ifOii^Gifi# ^riHi.\tTe aX jdtoX «nefi9.} xXtiAAXlq a t« AOl#«oif>aX tiiCf
.X Xea«^ lo tant «Af
,fiS J^M SX ,XC !»«• S£ «0S oA«» XX ,96 iKSS OX tctfti^ T. Xaa^H nO ,£toX^9ea
••Alt 9tlaoaQ0 ao naoliaeoL '^thaoqaettoo al b^AOoL e-rmr ZF. hoB ^X baa
ic
or ite pl»U. Umfmrmicm to Pltfurvs HI aad 2III vill shov Ui*t thmm
fi/tm }09Tm lootfWd in tk« aiddla ••Ilea of tbo Wjptm b«tv«6Q th« onel*
tuMjwi ttirr*nar«« :.'>t.< atraijw oo tte oono«Y« aids of Xhm ^•nmi (e«ca«
10 - U) r«Mtaf»4 Tviy tiiKh atjrmlB vftlooa (up to 10,000 aloro-inobM p«r
Inoh at IXOyOOO ;>ound8 :.o«d) vhila tht sacea on tha eooTa» aldo abound
ooBpzvaaiTv sxruLoa at firat an^ arMtuaLv/ %«a841a sirAias of «tt«ll
maealtxada («•• fkbim ZVIII)* A sraphieal r«proa«Qt«tloA of tho altmitittt
e«B ba MOO on FtruraXyill vharo that* prlaeipal atrain raadli«a era
pxottad t^ oroaaaa n taa imatlffaood aida and trlaocio* oo tka ovLiienod
ildo* Thoao •>Xxm»mm of atr&in, paLrticularly aridant oa Paaal 2 wm«
not ooaaid«2-«d in tho praparatlon of tha unlfofli atrdn eurrvs. Tr.ara-
fora >«a ^ui»t o—atttda ilMt atraa^a^ in e^ooaa ot' tuoao ootaxmuMO lor
Paaal i do axlat oa ooa aurfaoo of tha plato* Tnoaa rtraina axa la tba
ragion of tha aan^portod 8>aa batvaao loocitttdincl ati ffonara on tha
•oooAYa aido. IgfMiWi taa raflosa at aXgfimn straia vara datan^aad to
W naar tha loi^itadiaal aUffoaara whara it waa fand that tha atnla
raadiaia oa bath atdaa of tha panal \mT9 of tha aaM ordar of aacaitada*
Va naj tnaa rasard taa aivaa»aaatioBai. araa thraa§h too p^ata erar vnioh
high atx«iaa vara otataiaad aa baias triaac«l*r la ahapa. Tha tva oidaa oi
tha paaal noar tha leggitwUna] .-rtiffanara provida tvo •rticaa of tha tri<
aa^a aan iaa oaaaava alaa of tha paaai ia taa alooia aaatioa aX tha
batvaan laofitadiaal rtiffanara proYldaa tha third.
(ill trtM 9t TjTiiffTiiif ^UiCfwtrt
Hm bavLag af tha tiaDoraraa stiffantfpa of faail 1 aa daaaribad la
paiafiaph i*7 ia baxiaTod to hava baaa oaiuaa bqt tha aatloo af taa pui.ia(






ibT ctua«<l t'.e •tills of th* t«8t section to ova towat*d one inolhar,
XtUM forcing tb« trtuiflT«rs« stiffenArt to bow. ^ the test of
Pantti 2 th* norisoatal portion of th« pulling aaab^r did xK>t bov ai
Bvoh ft« on Faa«l 1 i^d tha resulting boving of tho tranrrerto stiff*
Wkora waa ooticeably ^aas. It is oonaiwored that aioro uaifona ioaxW
lag ooiLld bo obtained b^ rodoaign of tho pulling aiBbort so ae to r»-
inea tho aaount of bowing in tho horlaontal portion*
X*3«l Tb« )00 micro-inah per inch unifom strain eurroi*
(PiguToa 2IXZII and XllfUI)
.
At lov magnitudet of ttrain any affact that tha distortion of
FmmI 2 had on tha strain pattern is not dieoemib^e. Strain patterns
for Panels I and 2 appeKP to be abevt the aasie, easentiallj a unifozH
strain aoroas the oenter of the ^anel.
A.3.2 The 1000 eicro-inoh per incn Jinifoza strain curres*
(figures XmV and : UTIII)
.
Panel 1 coutinues to indicate a unifom strain pattern across
the center of the plate. The unfairness of Panel 2 appears to hare
eoBBieaoed to aarkedly affect the strain distribution. The plotted
strain neareat to stiffener increaeed to 9000 ndcro-inches ;>mr inch
sad to i^OOO nearest to the other stiffener.
i!k.3.3 The lyX) aicro-lnch pT inoh unifom strain curres.
(Figures n>T and XJXIX).











o«nt«r •ze«pl for th« point at statioa 18« K«r«r«iio« to 7i4;ur«a
XXXf aad XT! thovt %hm postiblllt/ of aa orror la obtalalxwc thli
point. Th« Tala* of %hm o«n%«r of plate point would bo groatlj
altorod bgr a aliithtl/ difforoat naaa ttrala curva drawn throucb tlw
kMim points, doeaasa of tha paaeity of points tha curra it not
lOMvn with maoh aocorae/ so it waa not conaidarad Juatifiablit to
altar tha pravioualj eoattruct^d curra.
Tha atraia pattara of i anal 2 (fi^ra XXXIf) aaauaiaa an
•ztraaal/ intarwatlac ahapa vtvan eoaparad with tha traaararaa taction
throoch tha cantor of to* panal (ficura XX). Tha aiailaritjr of tha
two ourraa it quita aotioaabla. ^nm poiatt of ainiaaa ttrrin corraa*
paad to tha pointa of aaail— daflaetioa, and tha hinhatl ttraina ara
tmmA adjaeant to tha laa^tadiaal ttiffanora.
4.3.4 Tha aOOO aioro-iaah par iaoh ualfora atraia ourraa.
(Ficuraa XXXTI a^A XL).
Tha onifora atraia ounra for Panal 1 raaohaa a hi^ paint at
atatioa 18. Sinoa a valaa for atation 20 eorraapondiac to thia raloa
of ad^ atr«ia vaa not availahla (taa Fijiara XXT), tha iapraaaioa ia
flaiaad that atraia it inoroatiac at it approa«hat tha atiffanar at
aution 21. It It i roWhla that otatlos 90 would ha aora in liaa
with tha othar ttutloaa, and %haa azpota thi i oiut at atatioa 18 aa
haing in orror, aa waa Indloatod in paracx^P^ 4*3
Tho strain ^attam for rasal 2 ratalna tha oaaa ahapa and
aiailarity to ri^cura XI at waa xu>tad for tha 1000 aiero-iacnaa pmr
qoara ineh unifora t train curra.
lata tha axtraaMlj hich ttraia, and eorraapondinclj larca ttratt naar
tha ttiffanara whila tha bul^ad portion atill doea net oany ita fall ahara
of tha load. ^V'
%•tn fttf feldov ^oIm A;tAlq !• tvfano <«{# lo ntt .tii.to<7
• dv-iyo fljisfajft aio'ii^j.' ^i-o-f;; **lf.*
.s-^tim rrtCT?E cnrytJtr.T.f ri'^nt vtMCpB
•TV
It It not oontld»r«d tractical for tha authort to coa« to
aagr qoantitatlr* oonelutlons on tne D&tlt of th« tvo MMplat tett«d.
Panel 1 waa taatad to obtain i^ncral information and to halp find
tha aott fultabla location for gA^** '<»' futura tatta. Tha ga^
loeationa for Tanal 2 ara considarad to hara clTan inforaation ta
ora aeourataly j)Twy»^Tm tha plota naadad for tha anal/tia. Tha
raaulta appear to confira that itrain and atrata diatritetioa !•
ralatad to toa plata distortion aa waa hjrpothaaitad at tha oo—no—ant
of thia vork. Thii ralationahip la particmlarlj aaphaaitad bjr tha
raaulti of tha tatt of ?anal 2. Tha irraful^r contour of tha paaal
•ad tte atralB piotara at hl^ loada vhieh followa that contour
land eradanea to tha hjpothaaia. It it hopad that fatura invaa-
tic^tloaa vill qaantitatiTalj daralop tha ralationthipa which
•pp**r to arlat.
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^/!P;: 'miff iX /i; 111-
^(j i>f-? JtRlunitiBq %i qltiaatiit&Wx Btdf .af»f»w Midi 'to
iioWw •qixlt«ol*«I«'r o&tf qoI©Yefc ^U^riSmilScsisa tli^. ar-n
-
11 El
Tha work on this nroJ«ct hat onlj b«^an If th« tjrpe of rtttults
•aTlsioned &r« to b« aohlsTod. Th«r«fot4 tha following rtncaaaila
tloBi for futuro work aro •ucsottod:
6.1 A plana taapla thould b« tottad with aora ttrain ga^aa
locatad in tha oantar taotion and alaac \ih« ad^. Tha raaulta of
tha tatt of Panal 1 indioata that tjiuMtrj vat not rraaant and that
bandinc did occur. In addition aora pointa ara naadad in ordar to plat
tha rariation of ttrain aorott tha plaxM panal with aaffioiant accaraogr
to prapara tha oroaa^curraa.
••3 Mora aaaplaa, with raryln^ dafraaa of holfo, and aTantuallj
rmijiag aapaot ratios, ahoold ba taitad.
6.3 Tha poaaibilit7 of aodlfyia^ tha daai^^ of tha polling aaabara
to obtain a aora vinifora load condition at tha adgaa ahoold ba Inraa-
tigatad. Tha poaaibilities of uaia^ thickar guitat plataa and/or a
atiffar horiiontal aaabar ara auggaatad. It ahould ba raaliiad hovarar,
that tha baaio problaa of obtaining onifom tantion along tha ad^a of
a plata, using a aaohina which aaaantlallj giraa a point load aouroa
wmj narar ba full/ aelrad.
6.4 Tha uaa of an ororall atrain Baaauranmnt, aueh aa can ba o'h-
tain«d b7 usa of a Barry Oaga (or aiailar machanical atrain indicator) la
auggastad. Thla raading ahould ba takan orar the langth of tha taat
aaetion in tha longitudinal diraction. This ttrain can than ba coaparad
to tha strains obtained bj tha SR-4 gagas. Tha possibility of using
thasa Barrj (Mga readings to construct the unifom strain curra should
ba considered.
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••3^*1 aiBtia it'iom Attw bn^stii ad blvodt Alqines oamlrr A 1.5
to &ilisB9i •xiT ,9^0 9iii} -.^oL-i ba» aclittma is^xif - ''^ bn^sool
#Aii^ i>£ua Sa%Bt>rq ton amv xii9mfr'v^8 ^adi •taolLai I Xoo^i lo ite^ •<!;}
. 8 •VTJa0-88010 ©iil »liSq©^i/ 0J>
W^— yUIIxrq sil^ lo oj^lcef) !»Aw ^nl^lli^r^n: Ic -{^iIx<.xsaoc( .3
"•tiVfti 9cf J^Iuoda aa^^ 9ii^ i^ ttoldibaoo b&oL tmnllaii otoa « xx^atfdc o^
A !to\i>iUi teifiXg ^easxq^ le-^otA^ f-rr.- -(^ geUi.ricfiaaoq sdT ..be*>?s-t*
lo ff^J^* t^Ai ^oXa ae^eoe^ mcolinju :i%aiai:(r$tfo lo m9Xtf<nq 8la»(f nd^ ^eiiit
B n .^rrtoq fl S6Vi;g yJX^xinssR? rioMv ssifiSAOi a yiiaif «eisXq £
•1>»tX6> X-I^X&l scf lOTen x^w
•Mtfo •<< fljso aa iloxjs , #n9f!aT[B«a©m iii^^t*B IXfiievo aa lo ©80 ^^ *^*B
Bt (lot^aoi^iiflJ: fliiWJs X«t>lffaflo®w naXJtioiis to) v^sfi x'tXBfi a lo e»=-^i ;.j Mixirif
#««^ ad^ lo dt'sfiBl fill* '£970 iisT^i?* ad bluodi 7^«:l£)i*©i airif .fiecfeea'^yiJB
k^'wrnqmoo •tf f[«d[;f cro jbI^i;^? sin" .aotioBTAb lAalbuSt-^ol e*ti9 ai aotiota
VUk JlLi^le.Qoq eri't' .fia;^;^ J^-At ttdt ^<f £aftia;ftfo .Mirlaita arfif o;}
JbXiforle avxj/o iiii3'2;fs tnoticas sdi ^oxn^axico c^ a^xzii^jRsi a^aO x^^*^ asadcf
.ibaial>icfloo ^c
Barrj Oag* rMidincft w«r» tak«n ciurlng the teit of Pan«l 2 at statlonf
3f 12y and 21 betv»«n points located on tha norlaontal portions of tha
pulliof A«Mbara uaing a gaga langtb of l^>lA incheu. Tha etraina uataminad
trtm thaea raadince w«ra eonaietaotly largar than correaponding strains
obtainad froa MU4 gaga rvadlags. It was fait that thesa inaoeuraolaa
wara introduead by t^ strain in tha wald aatal Joining the test section
and pulllag aaabar ao tha Barry Gaga data vns not used.
6.5 Tha tt«a of strain gagaa on the flaagaa aad vabs of tha longi-
tudinal stiffaaara is aiae raaoMMadad. Varifieatlon of tha tast data
could than ba aada by integrating tha straas ourraa for both the canter
aad loaaad adga portions of tha tast section. Tha resulting rtlues of
load should correspond and abould agree with tha load iaposad by tha testing
Midna» Sueh data taken oolj on the outride of the riangas was insufficient
to aake this procedure possible for the test of Panel 2*
6.6 Tha \iltlaiate fon of tha reaults is soon as a plot of dinan-
sionleas bul^a (bulge aa^nituda diTided bj pi.ate thiakness) Tarsus a
stress ooneantration fi-ctor. This frctor would ba tha naxlaxai stress
aal^tlng in the . i.at« uivided to' the unifoza stress along tha edge. A





















Tablt I 3R-^ Indicator Readings
(Mloro Inohee per Inch)
Panel No. 1
Z^ro Reading 2Q.000 Pounda
Gage ABC A 3 C
JiSLi Axia Axis Axie AxU Axia Axia
1 5900 7360 6410 6005 7420 638O
2 5970 6410 7390 6250 6575 7350
I
6220 7390 8080 638O 7440 8010
5950 7050 8220 6320 7210 8100
5 6220 6880 7110 6620 7010 7020
6 i*990 U710 6650 5430 4910 6570
7 3780 U770 5370 3990 4835 5260
8 6280 5750 5030 6370
6800
5790 5010
9 6580 6215 6290 6290 6270
10 5200
6900
7130 6950 5460 7290 6850
11 6070 7020 7150 6170 6950
12 5920 7570 7080 6000 7600 7060
11
5110 5870 6650 5280 5940 6600




7000 7140 7950 7300 7830





7120 5680 7150 5645
18 U710 5820 3600 4780 5790
19 6780 7180 4480 6810 7150
20 6020 5625 7660 6110 5560
21 7650 7280 4260 7800 7290 4130
22 kk^O 6840 6790 4670 6890 6700
11
7280 5600 5550 7430 5660 5520
USko 6900 6260 4930 6910 6200
25 5780 6510 4890 5870 5510 4865
26 6600 5440 4400 6900 5510 4340
647027 ^125 6160 6490 4200 6I8O
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Table I SR-4 Indloator Readings
(Micro Inches per Inch)
?«»nfl No, 1
Uo.ooo Poun<l s 60 .000 Pounds
Gage A B G A B c
Mo. Axli Axis Axis
—All* Axis Alls
1 6150 7520 6350 6290 7620 6300
2 6580 6735 7280 6880 6890 7190
I
6550 7510 7980 6710 7600 7970
6840 7420 7920 7520 7660 7600
i
7400 7320 6890 828O 7620 6490





4170 4910 5200 4970
6440 5850 4990 6530 5940 498O
9 7060 6370
5435
6220 7280 6440 6170
10 5640 6760 5910 7570 6670
11 7475 6240 6805 7810 6300 6690
12 6110 7610 7040 6220 7620 7020
\l
5410 59^5 658O 5530 6050 6560
7620 6170 5280 7910 6310 5200
15 7835 7520 7695 8250 7750 7570
16 7600 4990 4210 7850 5000 4120
17 8560 7210 5610 8720 7295 5570
18 3710 4840 5770 3820
4800
4910 5750
19 4^40 6850 7160 6900 7180
20 8140 6300 5430 8830 6430 5030
21 8410 7530 4020 9150 7810 3630
22 508O 7000 6550 5660 7160 6250
11
7610 5760 5550 7800 5910 5610
5010 6910 6170 5080 6910 6150
25 5970 5550 4840 6070 5580 4810
26 7260 5610 4200 7640 5740 4080
27 4280 6210 6460 4370 6270 6450
64
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Table I BF.-U Indicator Readings
(Mloro Inohes oer Inoh)
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1 6450 7750 7910 6220
2 7190 7050 7930 6740
3 6910 7710 7840 7850
8160 7900 4^ 8300 7650
5 9730 8180 8810 5010
6 7670 5490 6750 4^20
7 '^530 5050 473 5130 506O
8 6630 6050 4 4 6180 4950
9 7490 6490 n^o 6500 6060
10 6760 7780 8260 616O
11 8120 6330 6340 6520
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14 8230 64Q0 -5 7500 4690
13 8760 8020 4 :.;9 8260 738O
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Table l -^ Infitnator H^afllngi
(Micro Inoh^^ per Inch)
Panel No. 1
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Tabl« II .^R-4 Indicator Rtadlact
(Mtoro tnoh#i -^^r Inoh)
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Table II R-^ Indloator R»«dln(r«
(Micro \nch#f per inoh)
Panel No. 2
uo..000 PounAa 60.,000 Pounds
Oape A 3 C A B





i^7/*0 7680 6910 4740
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1^ 0440 6480 6400 9690 658O 6310
15 7000 7550 5220 8690 7780 5060
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17 7210 6790 5710 7330 6810 568O
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10 9510 7200 6540 A-1390 7690 6410
20 6940 5070 6160 7120 518O 6120
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23 - • - - - -
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3^ 4030 6030 5620 7350 6150
35 4160 4840 6720 4270 4840 6680
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Table II 9R-^ In<^lc«tor Readings
(Micro Inches per inch)
Panel No, 2
8C1,000 Pound i 100 .000 Poundi
Oagt A B c A J c
N?, Axis Axis Axle Axle Axle Axle
1 7850 7000 4720 8040 7080 4720
2 7570 37^0 55^0 7750 3840 5580
I
8540 7950 5940 10110 5820 8480
8680 7670 4680 Q25O 807O 4620
i
6710 6280 3360 7400 6340 3120
qkUO 6860 658O 9630 6910 7610
r 8600 5430 4730 8790 5480 4710
8 8030 6920 7150 8430 7000 6970
9 76P0 618O 4810 9160 6860 4710
10 A-1790 Q^OO 6310 A-3460 10200 6320
11 0050 7880 62^0
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01*30 8000 58Q0
12 A-2180 9330 A-4680 10470 4370
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9630 7270 4850 A-1330 7910 4780
10270 6710 6l<50 A-3110 7330 5840
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21 55^*0 5280 6010 5730 5410 6040
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Table II L-<n-4 Indloator ftpsdtngs
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Calculation of Principal BtPAlns
Pin^l No. 1 Load 20.000 DOiindA
h ri D L
Gag*
No.
" ^x\b B •rls C axis
utraln etraln itraln
MA 9) A-P
1 0105 0060 -0030







7 0210 0065 -Olio
8 0090 0-' ^ -0020
9 0220 0075 -0020
10 0260 0160 -0100
11 0250 0100 -0070




15 ouoo 0160 -0120
16 0250 oouo -0070
17 0095 0030 -0035
18 0160 0070 -0030
19 0180 0030 -0030








25 0090 0000 -0025
26 0300 0070 -0060
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TABLE III (continued)
Calculation of Principal 3iralnfl
Pfln**! No. 1 Load 20.000 oounde







Gaga B-D (E^ F^)*
Arc





1 22.5 71.^ 18.4 9.2 109 -34
2 43 166 15.7 7.8 286 -46
5 115 2.5 1.2 160 -70
35 248 8.1 4.0 173 -123
-25 245 -6.0 -3.0 400 -90
20 260 4.4 2.2 440 -80
IS 160 5.4 2.7 210 -110
5 55 5.2 2.6 90 -20
f -25 123 -11.75 -5.9 223 -23
10 60 197 23.9 12 277 -117
11 10 160 0.9 .4 250 -70
12 50 80 -20
10 110 5.2 2.6 170 -50
30 163 10.6 5.3 273 -53
20 268 4.4 2.2 400 -120
-50 168
-17.3 -8.6 258 -78
17 65 35 -35
18 5 95 3.0 1.5 160 -30
19 -45 113 -23.4 -11.7 188 -38
20 22.5 135 9.62 4.8 203 -67
21 140 150 -130
22 -25 167 -8.6 -4.3 242 -92
23 90 150 -30
24 -5 n -3.8 -1.9 90 -60
25 -32.5 66.3 -29.4 -147 99 -34
26 -50 18.7 -15.5 -7.8 307 -67
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TABLE IV
C^loulntlon of ?r\not.p>^l Strains
«d '.".n''f<n^l '.: >. 1 L v^unac
Oag« A Axlt B Ajtii C Axle
Mn, etraln Btraln atraln
i (A*B) A-D
1 0250 0160 -0060 95
2 06l0 0325 -0110 250
I
0330 0120 -0100 115
0890 0370 -0300 295
I
1180 04^0 -0220 480
1080 0420 -0310 385
7 0300 OlUO -0170 110
8 0160 0100 -0040 60
9 0U80 0155 -0070 205
10 nuho 0305 -0100 125
11 0575 0170 -0215 180
12 0190 0'^ -^ -0'^'>^ 75
1?.
moo 0125 -0^7" 115
^3^0 0270 -01':C 200
il
0835 0330 -0255 290
0510 0040 -0170 170
17 02^5 0090 -0070 88
18 0270 0130 -0050 110
19 0340 0070 -0020 160
20 0680 0280 -0105 242
21 0760 0250 -0240 260
22 0650 0160 -0240 205
11
0330 0160 -0000 165
0170 0010 -0000 40
25 0190 0040 -0050 70
26 0660 0170 -0200 230
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Calculation of Principal Strains
pRnel No. 1 Load ^,000 rounds















































22.7 11> 262 -72
11.8 5.9 618 -118
1.3 0.7 330 -100
7.2 3.6 895 -305
-3.3 -1.6 1180 -220
2.9 1.0 1080 -310
6.1 3.0 392 -172
21.8 10.9 168 -48
.10.3 -5.6 485 -75
29.7 1^.8 488 -238
-1.5 -0.8 575 -215
.16.9 -8.4 195 -^5
5.7 2.8 301 -71
11.6 5.8 5^8 -146
0.4 4.7 841 -263
•20.9 -10.4 534 -194
1.5 0.8 245 -69
7.1 3.^ 271 -51
.26.5 -13-2 362 -^2:
5.0 2.5 680 -196
-10.2 -5.1 760 -240
-5.8 -2.9 65^ -2^
-1.7 -0.8 330
.13.0 -6.5 173 -93
.14.0 -7.0 19^ -5^
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Calculation of Principal Stralne
r^npl No. 1 LORd 6().'Ji''0 r)^vnctABC D £




1 0390 0260 -0110










9 0700 0225 -0120
10 0710 0440 -0280










17 0405 0175 -0110
18 O38O 0200 -0070
19 0500 0120 -0000
20 1370 0410 -0595
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Oiiloulatlon of Pplnolpal r-tralns
-anel No. 1 lo«d r 0.000 ooundB
F H I • J K
Anffle Hajor inor
Oagt Principal Principal Prlncioal
|lo. .strain Strain Strain
(e2 f2)^
Arc
3-u Tan * H L^ G b-G
r/E
1 -120 278 -25.6 -12.8 Ui8 -138
2 125 569 12.7 6.U Q2U -21^
I
70 357 11.3 5.6 497 -217
35 1095 1.8 .9 1570 .620
I
20 13^0 .9 .U 2060 -620
-50 1270 -2.3 -1.2 1840 -700
7 U 3^5 5.1 2.6 560 -2308 175 30.9
iVs
275 -75
9 -65 ^15 .9.0 705 -125
10 225 5^5 2k,
h
12.2 760 -330
11 -60 620 -5.6 -2.8 910 -330
12 -70 19U -21.2 -10.6 314 -74
\l
15 255 3.^ 1.7 U20 .90
105 536 n.3 5.6 8U1 -231
\i




17 27 258 6.0 3.0 406 -110
18 ^5 2^0
232
11.3 5.6 385 -75
19 -130 -27>
-13.7 532 -32
20 22 982 1.3 .6 1370 -59^
21 95 1065 5.1 2.6 1500 -630
-54022 -25 885 -1.6 -.8 1230
^2
20 230 5.0 2.5 ^^0 60
-55 16^ -17.^ -8.7 249 -119
25 -35 189 -10.7 -5> 294 -84
26 -60 680 -5.1 -2.6 1040 -320
27 8 1^3 3.2 1.6 245 -41
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TABLE VI
Calculation of Principal Strains
^nn-: 'f^ T T ond PO. '^'^0 nounds
« n (7 D r
Gag* A axla B ax^a C axla
W-. fltr^ln ^tr«»i n Ptr«tn
k (A-3) A-D
1 0550 03C0 -0140 203 3^5
2 1220 06^0 -0270 ^75 745
I
06Q0 0320 -0110 290 400
2210 0850 -0760 725 1485
i
3510 1300 -1390 1060 2450
2660 0780 -1100 790 ] " 70
I
0750 0230 -0260 245 505
0350 0300 -0080 135 215
9 0910 0275 -0170 370 540
10 1560 0650 -05^^ T 510 1050
11 1220 0260 -OU2O 400 e^o
12 0^30 0050 -0080 175 255
\l
05^5 0230 -0110 218 327
1150 0590 -0310 420 730
15 1760 0880 -0500 630 1130
16 0930 0110 -0310 335 645
17 0585 0230 -0150 213 367
18 0510 0260 -0070 220 290
19 0700 0210 0070 315 385
20 2100 0600 -0015 598 1502
21 2790 1090 -1380 705 2035
22 17^0 0^0 -0630 555 1185
11
0770 OUOO 0140 315 455
0310 00^0 -0110 100 210
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Caloulatlon of Prlnolpal Strains
r>anel No. 1 Load 80.000 Dounde












































28.2 14.1 737 -47
12.5 6.3 1238 -288
4.3 2.2 610 -110
4.9 2.4 2210 -760
5.6 2.8 3510 -13^0
2680 -1100
4.0 2.0 750 -260






-P. 7 1234 -434
26.2 -13.1 459 -109
2.1 1.0 545 -109
13.1 6.6 1171 -331
1^.5 6.2 1790 -5.0
•19.2 -9.6 1019 .j!,0
9.6 4.8 590 -154
7.8 3.9 514 -74
15.2 -7.6 714 84
3.5 1.8 2100 -Q04
10.4 5.2 2825 -1413
-4.6
-2.3 1740 -630








7.5 3.8 367 -63
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Caloulfitlon of Principal Ctralni
'Fr.^1 Hr>. 1 Innt* 100.000 DOUH'^i
A C D K
IfTi
A 9kx\B 9 axil C axil
ftr»1n Ptr^ln atMln
V (A>^) A-y
1 0720 05$0 -0190
t 23M) 1520 -0650
5 0920 0*»50 .0130
% 268O 1250 -0570
I 5680 1930 -2100
• U6IO 15^0 -2030
? 0150 0360 -02*^0
I 01^60 0l»30 -0080
f 1170 0285 -0230
10 2580 1130 -0790
II 1520 0270 -0500
la 0590 0040 -0110
IJ 0700 0290 -0120
Ik 2^0 1600 -0730
15 2290 1120 -0570
1» l3'*o 0210 -0310
1? 0785 0400 -0190
ll 0650 0350 -0085
If 0920 0300 0140
20 3710 1495 -1725
n 4710 1690 -2110
It 2060 0730 -OU65SlOTf 0705 0230
0400 0050 -0100
25 O58O 02 "^O -0130
m 1610 0610 -0420
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Calculation of Principal Stralni
Panel No. 1 Load 100.000 Dounda











































538 32.0 16.0 8O3
16U0 24.3 12.2 2485
529 5.96 3.0 924
2150 5.2 2.6 3205





361 41.6 20.8 551
72U -14.8 -7.4 1194







1750 25.2 12.6 2605
1790 17.4 8.7 2375
1396881 -20.25 -10.1









1262 -3.1 -1.6 2060
kzk 7.45 2.7 1074
270 -21.8 -10.9 420
355 -4.0 -2.0 580
1015 .85 .4 1610
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Ctloulatlon of Principal Strains
^?^n»l 'i'^. 1 Inad 120.000 oounds













































6^0 32.0 16.0 1045 -335
3060 28.7 14.4 4810 -1310
810 -^.3 -2.2 1450 -170
1040
4572
12.7 6.4 4750 -1330





502 42.6 21.3 767 -242
933 -26.8 1643 -223
2420 12.8 3645 -1105
1373 -16.0 -8.4 1533 -613




315^ 12.4 4710 -1590
18^0 3.6 1.8 3160 -620
2030 -25.2 -12.6 3^^5 -635
660 7.7 3.8 1072 -^/^8
560 13.9 7.0 915 -205
750 -1.5 -0.8 1270 -00
40? 3
4040
4.1 2.0 6920 -<:956
4.7 2.4 5820 -2260
2260 -2.0 -1.0 3750 -770




•',0 5 -2.0 820 -100
1285 -1.1 -0.6 2170 -uoo



































































































C»loul«tlon of Prlnolpftl Strains
?«rlel No. 1 Load 140. 000 DOunc'B
A B c D E
Oafre A axl e B axis C axis
No. strain train strain
*(A.fl) A-E
1 1260 0910 -0260 500 760
2 6870 4380 -1080 2895 3975
3 2150 0770 -0320
-I63O
915 1235
4 6640 3030 2505 ^135
5 8770 2950 -2770 3000 5770
6 9500 2950 -3710 2895 6605
7 2090 0660 -0870 610 1480
8 0880 0780 -0150 365
11409 2320 0435 0040 1180
10 62P0 2500 -1480 2405 3885
11 3760 1210 -0650 1555 2205
12 1210 0110 -0230 490 720
13 1230 0430 -0180 525 705
14 6190 3320 -1440 2375 3815
15 4510 1790 -1180 1665 2845
16 5700 1230 -0810 2445 3255
17 1585 0600 -0460 562 1023
18 1290 0510 -0270 510 780
19 i860 0780 0240 1050 810
20 8790 3210 -3285 2752 6040
21 7830 2880 -2600 2615 5215
22 6170 2210 -1260 2455 3715
23 1110 0970 0385 748 362
24 0940 0030 -0250 345 595
2? 1270 0310 -0360
-0450
^55 815
26 3690 1120 1620 2070
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TABLE IX (Continued)
Caloulwtlon of Principal Stralna
"•anel No. 1 Load 1^0.100 oounne
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CalealAtlon of Principal Strains
Panal lo. 2 IiMd 20.000 Doaada
1 C D s
kxU 1 Axis C zia
a«c« •train •train •train
e.
i (Ml) Ap.0
1 50 40 at ae
2 120 90 -40 40 80
3 aao ITO -70 laa TO
4 aio lao -100 lOS 206
6 300 50 -60 135 IT5
6 aao M -30 It 188
7 160 M -30 •• IB
S 140 10 -80 ao UO
• aao lao -60 lao 190
10 800 aao -60 aao 380
11 640 220 -110 215 888
13 730 880 -100 315 418
13 680 ato -100 240 340
14 420 160 -80 170 260
16 200 iO -90 iO 170
16 160 !• -90 • 120
17 70 -10 -20 m 46
18 170 20 as 88
19 470 260 -60 soi 886
20 .20 80 -10 -10
ai 160 140 -10 7Q 80
a 160 140 -20 •8 86
23
24 aeo 140 -60 146 ao6
35 a?o 30 -60 106 166
26 210 • -40 136 78
8T 170 M -40 115 66
as 30 • -70 -ao 10
29 -110 -110 -160 -130 20
ao 20 -100 -40 60
a -160 -170 -ISO -170 10
as -130 -180 -160 -148 16
88 80 -20 -110 -15 66
34 170 60 -40 66 106
36 80 -20 -30 m 65
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Calcalatlon of irlnclpal Strains
:aMl Hft. 2 Load 20.0OO T>ound«
f 1 I J T
Aa^l* Major Minor
0«f« Principal Principal Principal





1 la 29 30.7 16.4 54 -4
a aa 98 31.8 16.9 135 -65
s ia 84 aa.s 16.2 209 41
4 aa 209 8.9 3.4 314 -104
• -78 192 -23.0 -11.5 317 -67
• -75 147 -30.7 -16.4 242 -63
T -25 99 -14.2 -7.1 164 -34
• .20 113 -10.2 -6.1 143 -83
f 190 aao -80
10 280 500 -60
u a 325 0.9 .4 640 -110
IS la 415 2.1 1.0 730 -100
u 80 847 8.3 4.2 687 -107
14 -20 250 -4.6 -2.3 430 -80
10 -30 174 -9.9 -5.0 364 -94
It -20 123 -9.4 -4.7 153 -93
IT -35 67 -37.6 -18.8 82 -32
U -65 107 -37.2 -18.8 192 -23
If -« 271 -9.6 -4.8 476 -86
ao 40 42 104.0 62 32 -A3
a n 107 40.9 ao.4 177 -37
M n 114 41.2 20.6 179 -49
as
a4 -a ao6 -1.4 -0.7 350 -60
at -TB 183 -24.2 -IP.I aaa -78
ai -laB 156 -61.2 -30.6 ati -21
af -106 120 -62.6 -31.3 235 -5
aa ao at 67.6 33.8 6 -48
at ao aa 46 22.5 -102 -158
ao 40 73 33.4 16.7 33 -113
a 10 -160 -180
aa -35 38 -67 -33.6 -107 -183
aa -8 88 -4.4 -2.2 50 -80
a4 -15 107 -8.0 -4.0 172 -42
aa -45 71 -39.0 -19.5 96 -48
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Calculation of Principal Strains
Panel Ho. 2 Load 40.000 pounds
B D I
A Ixlf B Aril C Axis
gi>^ •train train train
••
i (A4B) A-D
1 190 130 -10 90 100
a 300 210 -90 106 195
a 710 330 -140 385 425
4 730 350 -190 a?o 460
6 610 130 -110 360 360
6 460 90 -60 195 255
7 320 90 -50 136 185
8 340 40 -190 75 266
9 700 300 -120 390 410
10 1060 480 -130 466 585
11 1060 450 -240 406 646
13 1440 670 -190 638 815
13 170 570 -180 -6 175
14 860 290 -180 336 515
15 560 130 -190 180 370
16 360 50 -210 76 285
17 170 -40 68 105
18 400 80 300 200
19 1400 760 -90 655 746
ao 80 110 10 46 35
21 350 290 «20 165 185
33 310 360 -60 126 165
88
84 730 370 -120 306 436
35 500 50 -140 180 330
86 370 20 -80 146 225
27 360 50 -60 150 210
38 70 -150 -40 110
39 -180 -210 -310 -245 65
80 120 10 -220 -50 170
a -240 -260 -340 -290 50
88 -220 -370 -330 -376 55
38 220 -40 -240 -10 230
34 380 130 -100 140 240
36 180 -20 -70 46 135
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a a a A






























































































































































































































Calculation of Principal Strains
F—l fff
,
2 LMd 40.000 Doundt
f 9 I X J I
Aa«l« Major Minor
(>•«• Principal Principal Principal




X 40 109 21.6 10.8 199 -19
8 lOB 223 28.1 14.0 328 -118
S 46 431 6.0 3.0 716 -146
4 80 471 9.8 4.9 741 -201
• -120 383 -18.3 -9.2 633 -133
• -106 278 -22.2 -11.1 473 .93
T -46 191 -16.6 -6.8 339 -69
• -as 270 -7.4 -3.7 346 -196
9 10 410 1.4 0.7 TOO -120
10 16 695 1.6 0.8 1000 -130
11 46 646 4.0 2.0 1000 .840
12 46 816 8*2 1.6 1440 -190
13 576 606 73,2 36.6 900 -610
14 -46 615 -6.0 -2.6 900 -180
15 -60 376 -7.6 -3.8 969 .194
It -86 295 -6.0 -2.6 390 -210
IT .96 124 -:>1.6 -15.8 199 -59
li -120 234 -30.8 -16.4 434 -34
19 109 760 7.8 4.0 1416 -106
80 66 74 61.9 31.0 119 -29
n 125 226 83.8 16.9 890 -60
38 135 230 36.9 18.0 366 -106
88
84 66 434 8.6 4.3 739 -129
ae -130 849 -21.9 -11.4 528 -168
89 -128 899 -28.8 -14.4 404 -114
ff -100 234 -26..? -12.6 804 -84
89 40 118 19.8 9.9 78 -158
89 8i 74 28.1 14.0 -171 -319
10 90 182 19.3 9.6 132 -232
n 30 58 30.0 15.4 -288 .849
S8 -96 111 -60.2 -30.1 -164 -889
88 -30 234 -7.4 -3.7 224 -244
S4 -10 240 -2.4 -1.2 380 -100
86 -66 151 -25.5 -12.8 196 -106









































































































































Calculation of Principal Strains









1 340 210 -10 165 176
2 500 310 -130 186 315
3 1130 600 -180 475 655
4 1190 610 -270 460 730
5 930 190 -190 370 660
6 670 160 -flO 296 376
7 480 140 -70 206 276
8 560 90 -310 128 435
9 1100 460 -200 460 650
10 1630 740 -200 716 915
11 1560 670 -380 590 970
12 2430 1160 -360 1065 1346
13 2050 1080 -240 906 1146
14 1100 390 -570 265 836
16 1340 360 -360 496 846
16 670 130 -310 180 490
17 290 20 -70 110 180
18 670 160 336 336
19 2740 1430 -220 1260 1480
20 260 220 -30 115 135
21 550 430 -20 266 285
22 500 360 -100 200 300
23
24 1080 600 -160 460 620
26 710 60 -340 235 475
26 530 50 -120 205 325
27 530 100 -70 230 300
28 130 -230 -90 180
29 -220 -320 -480 -350 130
30 280 70 -310 -16 295
31 -320 -370 -500 -410 90
32 -300 -630 -540 -420 120
33 530 -410 60 470
34 1070 550 -210 430 640
35 290 -20 -110 90 200
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Caloxilatloa 9t Principal Strains
Panal Is. P LMd 60.000 Douadi
r B I J K
nd* Major Mlnar
OaC* Principal Principal Principal






1 4t 183 14.8 7.2 347 -17
a lat 342 21.5 10.8 527 -157
s 36 666 2.2 1.1 1130 -180
4 160 763 11.6 5.8 1213 -398
f -180 693 -17.7 -8.8 962 -388
• -186 403 -19.6 -9.8 698 -108
T -68 286 -13.2 -6.6 490 -80
• -36 488 -4.6 -2.3 560 -310
9 650 1100 -300
10 88 916 1.6 0.8 1630 -300
u 80 970 4.7 2.4 1560 -380
u -88 1345 -1.8 -0.8 2430 -380
11 178 1170 8.6 4.3 2075 -300
14 138 860 8.40 4.2 1116 -880
u -138 863 -9.0 -4.5 1358 -388
u -60 498 -6.9 -3.4 678 -318
1? -90 202 -36.4 -13.2 313 -93
It -178 381 -27.4 -13.7 716 -48
It 170 1600 6.6 3.2 2760 -240
at 106 172 3r7.6 18.8 287 -67
m. 166 332 29.8 14.9 at? -67
m 160 342 27.9 14.0 048 -142
m
•4 140 642 12.6 6.3 1102 -182
at -laa 514 -21.1 -10.6 749 -279
at -166 363 -28.3 -12.6 588 -158
8f -130 330 -23.2 -11.6 680 -100
at 50 188 16.4 7.7 138 -238
at 30 134 12.9 6.4 -318 -484
at 86 310 15.9 8.0 ato -330
ai 40 99 23.8 11.9 -811 -009
aa -310 343 -60.4 -30.2 -177 -888
aa -60 480 -7.2 -3.6 540 -400
a4 120 688 10.5 5.2 1008 -388
aa -110 230 -28.6 -14.3 320 -140
at 310 604 20,4 10.2 744 -464
;i
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Calculation of Principal Strains
Panal lo. ;2 Load 80.000 Doundi
1 D 1
Axis B kxU C ^la
iMB tnlA train •train
lo.
i (ir^B) A-D
1 510 300 -30 240 070
a 710 410 -160 276 408
s 1870 760 -340 816 1065
4 1730 970 -360 000 1040
1360 330 -340 0VO 790
• 860 330 -40 410 460
T 640 190 -80 280 300
• 800 150 ..440 205 646
9 2070 910 -aoo 885 1185
10 3800 1390 -370 laoo I0?8
11 2070 880 -600 T0O 1008
13 4470 30M -330 2076 3396
13 3190 1710 -300 1446 1746
14 1600 530 -390 646 1036
16 3230 770 -660 1336 1886
16 1160 270 -440 000 800
17 430 50 -100 108 366
18 940 340 10 475 465
19 4690 2060 -600 0010 aau
X 460 360 -60 008 388
21 760 560 -30 370 390
32 000 460 -130 380 410
33
34 1890 070 -190 600 790
35 910 -30 -400 000 665
26 660 90 -140 008 396
27 660 130 -60 306 365
28 160 30 -310 -75 336
29 -360 -600 -690 -525 166
30 470 190 -340 65 405
31 -310 -490 -760 -535 806
33 -380 -930 -770 -526 048
33 1330 380 -600 316 915
34 3900 1650 -300 1300 1600
3S 400 -10 -140 130 270
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TABLl 1 1 1 ( eontInned
)
CalottlatioB «f Principal Strains





«i«* Principal Principal Principal






1 60 380 12.4 6.2 520 -40
1 136 460 17.1 8.6 736 -186
• .66 1066 -3.5 1.8 1870 -340
4 300 1090 18.0 8.0 1780 -400
8 .860 870 -33.7 -11.8 1440 -300
• -160 490 -21.6 -10.8 900 -80
T -90 876 -13.9 -7.0 686 -96
• -85 646 -4.9 -2.4 880 -440
86 1116 1.6 0.8 SOTO -300
10 85 1576 3.1 1.6 3880 -270
11 145 1360 6.2 3.1 3088 -616
12 -25 2395 -0.6 -0.3 4470 -330
13 285 1780 8.6 4.3 3388 -888
14 -125 1060 -6.8 -3.4 1688 -406
16 -565 1990 -16.6 -8.2 3888 -686
16 -90 814 -6.8 -3.4 1174 -464
17 -115 291 -23.2 -11.6 466 -136
18 -235 816 -36.6 -13.3 1000 -60
19 35 2615 0.8 0.4 4888 -600
30 155 901 a.o 15.5 888 -96
a 190 437 35.8 12.9 80? -67
33 170 448 83.3 11.3 738 -166
33
34 270 843 18.7 9.4 1443 -348
SB -376 716 -32.6 -11.3 9n -461
16 -165 433 -32.5 -11.2 687 -177
3? -175 400 -36.0 -13.0 705 -96
te 105 660 33.9 12.0 186 -30
39 25 168 8.5 4.2 -387 -688
30 125 428 17.0 8.5 493 -363
a 46 232 11.2 6.6 -303 -767
32 -405 476 -59.0 -29.5 -49 -1001
33 -35 915 2.2 1.1 1330 -600
34 350 1660 12.2 6.1 3960 -360
35 -140 306 27.4 13.7 435 -176
36 46 1026 2.6 1.3 1440 -610
93
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Calculation of Principal Strains
Pan«l Mo. i2 Load 100.000 rounds
1 c D 1




1 700 380 -30 335 866
t 890 610 -170 360 080
8 3440 1280 -360 1540 1900
4 2300 1370 -410 946 1366
2060 280 -580 TM 1815
• 1060 280 -10 580 mo
T 880 240 -100 365 468
• 1360 230 -620 315 988
9 3540 1590 -400 1570 1970
10 4560 2190 -260 a46 3406
11 2460 1000 -940 786 1896
12 6970 3190 -430 3270 3700
13 4360 2360 -370 2140 2210
14 3980 1140 -1740 1130 3800
15 4660 1330 -780 1986 .?695
16 1730 410 -630 660 1170
17 680 60 -130 215 345
It 1190 300 40 615 575
19 6650 3860 -790 3880 3670
30 670 600 -60 sot 365
21 960 690 10 480 470
23 860 520 -130 360 400
23
34 1840 1160 -180 710 910
25 1380 -140 -660 SM 946
26 780 180 -140 SLO 460
27 780 140 -10 886 396
38 310 70 -500 -98 405
39 .810 -560 -1000 -655 346
30 880 480 -350 886 615
31 180 -890 -1060 -440 630
83 -1140 -990 -486 496
38 3430 1230 -930 1245 a75
84 4530 2650 -380 2076 2466
8B 490 -30 -170 160 330
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Galoulatioa of Principal Stmini
ffMUIfij. 2 LOMi lOO-OOO n(MUid«
T 1 I J K
^J^^• Major MUor
«•«• PrlacipflLl Prlaolyal Prlaolpal
J^^__ StfAln StralA ?^rtf"
1.0 (A f^)* AroTab
7/1
if DH> TM>
1 46 SM 7.0 3.5 703 -33
a 150 560 16.9 8.0 910 -190
1 -260 2000 -7.6 -3.8 ff40 -460
4 42S 1420 17.5 8.8 ff66 -475
• --455 1390 -19.1 -9.6 3136 -656
• .240 681 -24.4 -12.2 1101 -61
T -136 460 -16.1 -7.6 845 -115
• -ff ff6 -6.1 -2.6 1260 -620
f 30 1980 6.8 2.9 3550 -410
10 46 3405 1.0 0.6 4660 -260
u 346 1710 f.S 4.1 2465 -965
IS -80 7700 -1.3 -0.6 6970 -430
la 210 3210 6.5 2.8 4860 -70
14 30 fffO 4.0 2.0 fffO -1740
If -635 2770 -13.2 -6.6 4736 -606
U -140 1180 -6.9 -3.4 1730 -680
IT -155 378 -34.2 -12.1 693 -163
It -316 666 -28.7 -14.4 1280 -50
If -230 36T0 -3.6 -1.8 6560 -790
fO 196 413 28.2 14.1 718 -106
a 210 516 24.1 12.0 995 -36
ff 160 515 18.1 9.0 875 -155
ff
f4 430 1006 35.3 12.6 1735 -375
ff -425 1036 -34.2 -12.1 1330 -750
ff -180 465 -31.8 -10.9 796 -175
m -346 4T6 -31.8 -15.9 860 -90
ff 166 488 22.2 11.1 343 -533
ff 96 347 15.9 8.0 -308 -1003
ff 155 634 14.3 7.1 899 -369
a 60 620 4.6 2.3 180 -1060
ff -646 813 -52.5 -26.2 318 -1306
ff -16 2176 8420 -930
f4 576 2510 13.1 6.6 4fe5 -435
ff -190 SfO -30,0 -15.0 540 -220
fl 15 1735 2420 -1030
95
/ c. _ _.
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Oalculatlon of Principal Straint
Panol Ko. 2 Load 120.000 Doundi
A B C X
A Azlt B Azlt C Axil
teM_ train troin train
Bo.
i (A^B) A.0
1 920 500 -30 446 475
a 1130 600 -300 466 665
3 5470 2750 -800 W 3135
4 3330 1900 -630 1365 1875
• 3480 810 -660 1410 2430
• 1330 390 30 675 656
T 10?0 330 -160 466 615
8 1740 300 -810 466 1275
• 5160 2290 -630 3330 2840
10 6090 2770 -ao 3f40 3150
11 3010 1320 -1320 846 3165
12 10460 4700 -760 4850 6600
13 5470 3880 -370 3660 2920
14 7990 3890 -1440 3876 4716
16 6060 2030 -920 8066 8486
16 3360 560 -840 755 1595
17 740 70 -180 380 460
18 1480 370 80 780 700
19 8210 3230 -1180 3515 4695
20 930 670 -90 430 510
21 1170 860 110 640 530
» 1060 510 -190 436 625
33
24 2090 1600 -240 •86 1165
25 3070 -80 -830 636 1446
36 970 160 -160 406 565
27 940 180 40 490 460
28 730 120 -740 -6 735
29 150 -340 -1260 -650 700
30 2040 890 -420 810 1230
31 1640 270 -1610 15 1626
32 640 -1060 -1060 306 435
33 7230 2930 -1470 2875 4346
34 6060 3360 -470 2796 3266
36 660 -80 -190 186 375
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Calculation of Principal Straiaa
Paaol So. 2 Load 130.000 Douadi
T H I J X
An^la Major '.Inor
om« Principal Prlaoipal Principal






X 50 479 8.8 3.3 934 -34
3 13B 678 11.0 5.7 1143 -213
3 419 3100 7.0 3.8 8488 -820
4 540 1980 16.3 8.1 8808 -616
8 -500 2500 -13.7 -6.8 8810 -1090
• -8U 715 -23.5 -11.8 1390 -40
? -138 628 -11.5 -5.8 1083 -178
• .146 1380 -7.4 -3.7 1746 -816
9 -30 2840 -0.6 -0.3 5160 -530
10 -ITO 3150 -3.0 -1.5 6090 -210
u 470 3310 12.4 6.2 3060 -1360
u -150 0000 -1.5 -0.8 10400 -780
u 330 3940 6.5 3.2 0480 «880
u -880 4715 -4.7 -2.4 7990 -1440
IS •888 8880 -8.8 -4.4 6008 -960
u -808 1808 -7.3 -3.6 2300 -800
IT -210 506 -24.5 -12.2 786 -326
11 -410 813 -30.4 -15.2 1093 -32
19 -285 4698 -3.5 -1.8 8210 -1180
10 300 567 26.1 13.0 987 -147
31 220 574 22.5 11.2 1214 66
38 75 630 6.9 3.4 1066 -196U
M 675 1300 36.3 13.2 3388 -375
88 -705 1610 -36.0 -13.0 2338 -985
88 -245 615 -23.5 -11.8 1020 -210
8T -310 548 -34.5 -17.2 1038 -68
88 135 740 9.7 4.8 740 -750
88 310 730 16.7 8.4 180 -1200
88 80 1230 3.8 1.9 ?040 -430
n 205 1650 8.9 4.4 1666 -1686
33 -1265 1336 -71.0 -35.5 1540 -1096
83 08 4848 0.7 0.4 7220 -1470
84 888 3800 9.7 4.8 6098 -605
38 -265 409 -35.3 -17.6 644 -374
81 50 2410 1.3 0.7 3410 -1410
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TABLE XVI (continaad)
Calovlatlon •! Principal Stralni
PaiMl •. 2 L«mi 140.000 Donndi
r 8 1 I J K
An^« Major Minor






Tan i H IHa D^
f/^
1 M 600 6.8 8.1 1165 -86
2 110 815 T.8 8.9 1.-^36 -296
S 1330 4690 16.5 8.2 7960 -14^
4 690 8800 12.1 S.O 5450 -1150
8 -•15 8140 -11.3 -8.8 8306 -9T6
6 -280 790 -20.7 -10.8 1S90 10
7 -88 850 -6.6 -3.3 1410 -286
• 880 1700 9.8 4.8 2360 -1040
9 -90 3480 -l.B -0.8 6340 -620
10 -230 3720 -.1.4 -1.7 7260 -180
11 -1060 1700 ^30 • O -19.8 4950 1560
13
13 146 3910 2.0 1.0 7490 -340
14 -660 6346 -6.0 -3.0 10801 -1891
15 -620 4330 -8.2 -4.1 7610 -1150
16 -260 2000 -7.3 -:^.6 2970 -1130
17 -275 888 ••<U»W« -11.9 1068 -308
18 -495 980 -30.4 -16.3 1965 5
19 -420 5870 -4.1 -3.0 10070 -1670
20 808 775 23.3 11.6 1330 "AJO
a 848 643 22.4 11.2 1468 182
22 -50 1060 -2.6 -1.3 1720 -400
23
24 550 2300 13.8 6.9 3820 -780
IS -986 2400 -24.3 -12.3 3665 -1236
M -440 975 -36.8 -13.4 1595 -366
a? -360 633 -34,7 -17.4 1213 -53
28 -40 1300 -1.6 -0.8 1710 -990
29 285 1410 11.6 5.8 1315 -1505
80 -85 2746 -1.8 -0.9 4990 -800
31 600 8900 8.9 4.4 5640 -2160
32 1165 2240 31.3 15.6 2866 -1625
33 -226 5935 -2.2 -1.1 10020 -1860
34 315 4015 4.5 2.2 7410 -620
15 -375 511 -47.1 -23.6 716 -306
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TABLI ' !
Oalottlaiion «f Principal Strains
P»nal lo. 2 Load 140.000 Donndi
A 2 C D I
Axis B Axis C Axis
flsn_ train train train
Bo.
i (Arfl) A^D
1160 630 -30 666 595
1330 630 -390 520 810
7770 4600 -1330 3270 4000
5380 3840 -1000 3150 3380
6250 1660 -930 AM 3085
1640 520 80 •00 740




6340 2770 -630 BBOO 34B0
10 7250 BUG -180 8040 T720
4500 2190 1930 BBOO 1330
9tt toala 8000 -1550









2960 860 -1110 920 3030
1000 100 -aoo BTB 030
1830 400 140 BOB 040
10070 3780 -1670 4aoo BOTO
BO 1370 860 -160 BOB 715
n i4ao 1070 330 BBB 595
as 1720 610 -400 680 1060
as
34 3760 BOTO -720 i5ao ^240
as 8350 180 -1030 1165 2185
BB 1490 100 -360 •BO 8?0
BT 1100 BOO 80 BOO 8B0
as 1710 8B0 -990 BOO 1360
39 1390 100 -1460 -90 1385
30 4990 noo -500 3340 2745
31 6690 3340 -2110 1740 3850
32 3630 -660 -1300 •16 1915
33 10020 3860 -1860 4088 5936
84 7410 3710 -620 3395 4015
36 620 -170 -210 306 416
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